Abstract--Ce/Al-and La/Al-pillared smectites were prepared by cation exchange of bentonite, saponite and laponite with hydrothermally treated (130-160 ~ for 16-136 h) solutions containing mixtures of aluminumchlorohydrate (ACH) and Ce3+-/and La3+-salts. After calcination at 500 ~ the pillared products are characterized by basal spacings between 24.8 and 25.7 ,~ and surface areas of approximately 430 m 2 g 1. The products are hydrothermally stable at 500 ~ after 2 h in steam. The large basal spacings are due to the formation of a large Ce/La-bearing Al-polyoxocation, whose formation is favored by initially high A1 concentrations ~3.7 M and an OH/A1 molar ratio of approximately 2.5. The Ce/A1 or La/A1 molar ratios can be as low as 1/30. 27A1 nuclear magnetic resonance (NMR) spectroscopy has shown that the polyoxocation has a higher Altetr~earal/A1 ~ ratio than the Keggin structure Al13, which may partly explain the higher stability compared to normal Al-pillared clays. Hydroconversion of n-heptane indicated that the activity of the Pt-loaded pillared products is higher than that of a conventional Pt-loaded amorphous silica-alumina catalyst. Selectivity is strongly dependent on the type of starting clay and its acidity. In industrial hydrocracking of normal feedstock, a Ni/W-loaded Ce/Al-pillared bentonite catalyst showed rapid deactivation due to coke-formation reducing the surface area and the pore volume. Additionally, coke-formation is facilitated by the relatively high iron content of the pillared bentonite (3.43 wt% Fe203).
INTRODUCTION
Pillared clays are considered to be interesting 2-dimensional, shape selective, molecular sieves of a larger pore size range than zeolites. Barrer and MacLeod (1955) developed the idea of pillaring montmorillonite with organic compounds like N(CH3)4 + and N(C2Hs)4 +. The catalytic potential of pillared clays was ignored for a long time, probably because of their limited thermal stability, although the molecular sieving properties of these materials were known. Starting in the late 1970s, the synthesis of relatively heat-stable, high-surface-area smectites pillared with inorganic polyoxocations, such as A1, Ti, Zr, Cr and Fe, was reported (Brindley and Sempels 1977; Lahav et al. 1978; Vaughan et al. 1979; Yamanaka and Brindley 1979) .
The most widely used and extensively investigated polyoxocation for the preparation of pillared clays is the Keggin structure of the tridecameric Alj3 complex. This complex [AIO4AII2(OH)24(H20)12] 7+ was firstly proposed by Johansson et al. (1960) based on structural information from X-ray diffraction (XRD) of basic aluminum sulfate. The presence of this complex in the basic aluminum sulfate was later supported by 27A1 magic angle spinning (MAS) NMR (Kunwar et al. t Present address: SRTCA, PO Box 38000, 1030 BN Amsterdam, The Netherlands.
1984; . m|13 is formed by partial hydrolysis of AI(III) in a range of OH/A1 molar ratios between 0.5 and 2.5 as shown by 27A1 NMR (Akitt et al. 1972 : Bottero et al. 1980 and Small Angle X-ray Scattering (Rausch and Bale 1964; Bottero et al. 1982 ). Aluminumchlorohydrate or chlorhydrol (ACH) is a commercially available basic aluminum chloride solution prepared by the slow dissolution of A1 metal in AIC13 or HC1 solutions. These solutions, however, contain many polymeric species different from and mostly larger than All3 (Wang and Hsu 1994) , which is thought to be due to the higher preparation temperature (Schrnherr et al. 1983) .
Recognition of the catalytic properties of Al-pillared clays started with the patent of Vaughan et al. (1979) . The high cracking activity of these pillared clays is believed to be associated with the acidity introduced by the pillaring of the clay with the Al13 polyoxocation and the following calcination. The calcination step causes dehydroxylation of the pillars, releasing protons according to the following overall reaction Copyright 9 1996, The Clay Minerals Society Schutz et al. 1987) . At increasing temperatures, the Br6nsted/Lewis acidity ratio decreased, and at temperatures above 400 ~ the acidity was mainly due to Lewis sites. An improvement of the thermal stability of Al-pillared clays was reported by Tokarz and Shabtai (1985) , who prepared pillared clay catalysts by first exchanging the clay with Ce 3+ or La 3+, then exchanging these clays with refluxed, partly hydrolyzed AI(III) solutions. McCauley (1988) and Sterte (1991a Sterte ( , 1991b found that hydrothermally stable (steaming, 815 ~ large-pore pillared smectites with basal spacings in the range between 25 and 28 ,~ could be prepared from refluxed or hydrothermally treated solutions containing mixtures of ACH and salts of rare earth elements (REE) such as Ce-or La-nitrate. These basal spacings are large compared to the values between 17 and 19 ~, normally found for Al-pillared clays. Large-pore Ce/Al-pillared clays could be prepared from solutions having a Ce/AI molar ratio of approximately 1/88. At higher ratios, the formation of these large-pore pillared clays proved to be unsuccessful.
The larger basal spacing of the (Ce,La)lAl-pillared clays is thought to be due to the formation of a large REE containing A1 polyoxocation upon hydrothermal treatment or refluxing of the pillaring solution. Although the interlayer spacing was twice that of a normal Al-pillared clay, chemical analyses of the pillared clays indicated the presence of smaller amounts of A1 and Ce or La than expected from a mere polymerization of the original A113 polyoxocation. Several others (Mendioroz et al. 1993; Trillo et al. 1993; Gonz~ilez et al. 1992) have pillared montmorillonite in the presence of RE elements, but did not succeed in the formation of the large pores in the pillared clays. Instead, they found values known for normal Al-pillared clays. This might be explained by the larger reflux period and differences in the RE/A1 molar ratio. Although the basal spacing was comparable to Al-pillared clays, Gonz~ilez et al. (1992) observed an increased conversion and selectivity for cracking. For use as a heavy oil cracking catalyst, the larger basal spacing and improved (hydro)thermal stability are advantageous over conventional Al-pillared clays. McCauley (1988) found that the Ce/Al-pillared clays provided catalysts with higher Light Cycle Oil (LCO) selectivity and cracking than Y-type zeolites. Furthermore, he found that mixtures of these pillared clays and zeolites were compatible systems, exhibiting desirable synergisms such as the production of less C1-C4 and more gasoline than expected from the single compounds.
This paper reports the preparation of large-pore RE/Al-pillared smectites. Furthermore, it aims to characterize the structure of these large-pore REE/AI-pillared smectites and to establish their catalytic properties for n-heptane hydroconversion and heavy oil (feedstock) hydrocracking.
MATERIALS AND METHODS

Starting Clays
Two natural, commercially available bentonites were obtained from BDH Industries (BDH bentonite) and ECC Ltd. (ASB350s). Both bentonites consist mainly of montmoriUonite with minor amounts of quartz, cristobalite and feldspars. BDH bentonite had a general composition of 58.39% SIO2, 18.90% AI203, 3.86% Fe203, 2.65% MgO, 0.11% CaO, 0.14% K20 and 2.56% NazO, and ASB350s had 54.75% SIO2, 23.43% A1~O3, 2.57% Fe203, 2.65% MgO, 0.83% CaO, 0.71% K20 and 1.89% Na20. Laponite, a synthetic ftuorohectorite, was obtained from Laporte Industries Ltd. The saponites were synthesized mad described by , Kloprogge, Breukelaar et al. (1994) and Vogels et al. (1997) .
On the bentonite, adsorbed organic compounds were oxidized in a 30% H202 solution for 24 h. After separation, the clay was washed twice in demineralized water and the <2-~tm fraction was obtained by the conventional centrifugation method. The clays were brought in the Na form by washing 4 times with 1 M NaC1 solution. Excess Na + and CI were removed by washing at least 4 times with demineralized water. The presence of C1-was checked by the AgNO3 method after each washing. After all these steps, minor amounts of quartz and cristobalite were still present, as shown by XRD. The laponite and saponites, which contained no secondary minerals, were not pretreated, but suspensions were directly prepared by the dispersion of 5 g of clay in 0.5 L demineralized water. All clay slurries used in this study contained 1 wt% clay.
Pillaring Agents
The ACH solutions were obtained from Reheis Chemical Company (23.8% A1203, OH/AI molar ratio 2.5). Stock solutions containing 0.1 M and 1.0 M Ce(NO3) 3 and 1.0 M La(NO3) 3 were prepared and the amounts necessary to prepare the pillaring solutions were taken from these stock solutions. The pillaring solutions were prepared by hydrothermal treatment of ACH solutions together with Ce(NO3) 3 and La(NO3) 3 solutions. The treatments were carried out in Teflon liners, which fit into stainless steel pressure vessels that were slowly rotated for periods between 5 and 136 h at temperatures in the range between 120 and 165 ~ All solutions were in the range between 0.9 and 6.2 M A13 § and had (Ce, La)/AI molar ratios ranging from 4.1 to 50.
Preparation of the Pillared Clays
To assure complete saturation of the clays, excess amounts of the hydrothermally treated pillaring solutions were added rapidly to the clay suspensions. Molar ratios ranging from 15 to 30 meq A1/g clay were obtained. The clay suspensions were allowed to ex- prec. = Precipitate; BDH = BDH bentonite; ASB = ASB350s bentonite; LAP = laponite; NaSAP = Na-saponite (LTSAPNa); NSAP = NHa-saponite (LTSAP11A and LTSAP12A).
change for 24 h at room temperature under constant stirring, followed by washing 5 times with demineralized water to remove excess ions. After removal of the water, the clays were dried overnight at 120 ~ Finally, the exchanged clay samples were slightly ground and calcined at the desired temperature for 1 h (heating rate 50 ~ Table 1 gives a complete list of all experiments.
Catalyst Preparation
Pillared-clay-based catalysts were prepared for the hydroconversion of n-heptane and for an industrial hydrocracking test. For the hydroconversion experiments, the pillared clays were loaded with 0.8 wt% Pt by impregnation of a mixture of H2PtCI 6 and a 65 wt% HNO 3 solution for 1 h. Then they were dried and reduced by calcination at 500 ~ for 1 h (heating rate 50 ~ dwelling 1 h at 350 ~ before heating to 500 ~ The catalysts were slightly ground and sized to 40-100 mesh. This procedure is comparable to the one used to prepare a hydroconversion catalyst based on Al-pillared beidellite (Kloprogge, Booij et al. 1994) . The catalyst used in the hydrocracking test was prepared by extrusion of 60 wt% pillared clay together with 40 wt% alumina. The catalysts were loaded with 3.6 wt% Ni and 15 wt% W by co-impregnation. For comparison, a commercially available amorphous silica/alumina catalyst ASA from American Cyanamid containing 50% SiO2 and 50% A1203 is prepared the same way.
Analytical Techniques
One of the hydrothermally treated Ce/AI pillaring solutions was investigated by 27A1 NMR spectroscopy. The spectrum was recorded on a Bruker AM 500 spectrometer operated at 130.3 MHz (332 FIDs, spectral width 125 kHz, pulselength 0.9 ixs). The chemical shifts are reported relative (in ppm) to [Al(H20)6] 3+.
X-ray powder diffraction patterns were recorded on a Philips PW 1700 diffractometer using CuKtx radiation. Elemental analyses were performed with wavelength dispersive X-ray fluorescence (XRF). The morphology of the products was investigated with a Philips EM 420 transmission electron microscope (TEM) operated at 120 kV. Surface areas were determined from N2 adsorption/desorption isotherms, applying the BET equation (Carlo Erba Sorptomatic 1800). Pore volumes were estimated from the liquid volume adsorbed at a relative pressure of 0.98. The relative Br6nsted acidity was determined from Infrared (IR) adsorption spectra of pyridine adsorbed onto the pillared products.
The hydrothermal stability of the RE/Al-pillared clays was tested by steaming 1.5 g of sample at 500 ~ for 2 h in a mixture of 50 wt% H20 and 50 wt% N 2 (heating rate 200 ~ flow rate 6 g H20]h ).
The n-Heptane hydroconversion experiments were carried out in a nanoflow tube reactor containing 0.15 g of the catalyst. Prior to the reaction, the catalysts were dried for 16 h at 120 ~ and, subsequently, reduced in an H 2 flow (flow rate 2.24 NmL/min, total pressure 30 bar) at 400 ~ for 2 h. The hydroconversion conditions were temperature approximately 330-340 ~ total pressure 30 bar, H 2 flow rate 2.24 nmL/ min, gas hourly space velocity (GHSV) 1020 NmL/ g.h, and n-C7 flow rate 0.15 g/h. The effluent was analyzed by on-line gas chromatography.
RESULTS
Thermal Treatment of the Pillaring Solutions
As shown in Table 1 , under certain conditions clear solutions are formed, while in the solutions with an OH/AI molar ratio of 1.85 a white precipitate is observed. This precipitate was identified by XRD as pseudoboehmite (ml17O16(OH)16C13). These solutions have not been used to pillar the smectites. To obtain clear solutions, a minimum aluminum concentration of 3.7 M and an A1/RE molar ratio of 30 is needed. Figure 1 shows the 27A1 NMR spectrum of such a solution after hydrothermal treatment [A1/RE molar ratio 10, (AI 3+) 3.7 M, OH/A1 molar ratio 2.5, treatment 160 ~ 15 h]. This spectrum exhibits 3 signals: 1) a sharp octahedral signal at 0 ppm assigned to monomeric A1; 2) a broad octahedral signal at approximately 5 ppm (FWHH _+ 2690 Hz); and 3) a broad tetrahedral signal at approximately 75 ppm (FWHH -+ 1630 Hz). The characteristic signal due to All3 at approximately 63 ppm is not observed after the hydrothermal treatment. The last 2 broad signals are thought to represent the polymer(s) probably formed during the hydrothermal treatment. The integrated peak areas indicate a ratio of approximately 81 octahedral A1 to 14 tetrahedral A1, which is quiet near a ratio of AIW/Ap v of 6. Because no information on missing intensities or unobservable AI is available from these solutions, the above-mentioned ratio is only a rough approximation. Figure 2 depicts the XRD patterns of the pillared smectites after calcination. Sample EPBP2 pillared from a gel containing solution has a basal spacing corresponding to a non-pillared smectite with a collapsed interlayer containing probably only H + or A13 § as interlayer cation (Figure 2a ). This indicates that, after the hydrothermal treatment of the pillaring solution, all of the A1 polymers are present in the gel. Pillaring from clear solutions results in expended basal spacings in the range between 24.8 and 25.7 /k for both types of bentonites (Figure 2b ). The XRD patterns of the BDH bentonites reveal 2 sharp reflections at 20 values of 22.0 ~ for cristobalite and 26.6 ~ for quartz. These minerals are absent in ASB350s. Steaming at 500 ~ for 2 h resulted in an increase in intensity and a decrease in linewidth of the basal reflection caused by an increased crystallinity, indicating a more regularly pillared structure (Figure 3 ). The pillaring of laponite and saponite resulted in the disappearance of the basal reflections, indicating delamination (Figure 4) .
Pillared Smectites
In Table 2 , BET-surface areas, T-areas and pore volumes calculated from N2 adsorption/desorption isotherms of 2 pillared BDH-bentonites and the starting BDH-bentonite are shown (starting material data supplied by M. Crocker, KSLA). Interlayer spacings have been calculated from the basal spacings, assuming an average layer thickness of 9.6 ,~. The pillared bentonites have slit-like pore geometries without any microporosity (pores smaller than 20 ~,). The large average pore diameters in the range between 60 and 70 A are interpreted as being caused by the macroporosity created by the clay particle aggregation in a "house-ofcards-like" structure (edge-to-face and edge-to-edge arrangements of particles as observed by TEM).
The chemical analyses reveal that the pillared bentonites contain appreciably higher amounts of A1 and small amounts of rare earth elements (REE) ( Table 3 ). Assuming that the chemical composition of the clay layers does not change upon pillaring and that all Ce is incorporated into the pillar structure, the Ai/Ce molar ratio in the pillars can be calculated. The chemical data indicate that much less Ce is incorporated than was originally present in the solution. Molar ratios of 62,9 and 57.8 are observed instead of 10 (EBPB4) mad 15 (EBPBll and 13). TEM photographs show that the pillared bentonites exhibit a "house-of-cards-like" structure with particles aggregated in an edge-to-face, edge-to-edge, and face-to-face orientation ( Figure 5 ). This type of aggregation explains the observed large average pore sizes found by N 2 adsorption/desorption. Basal spacings cal- culated from the lattice fringes for sample EBPB5, for example, are in the range 16.5 to 22.5 /k, which is slightly smaller than observed with XRD.
Hydroconversion and Hydrocracking Experiments
Hydroconversion experiments for n-heptane were first carried out at a reactor temperature of 340 ~ At this temperature, all of the Pt-loaded Ce/Al-pillared clay catalysts prepared from EBPB3, -4 and -5 yielded 100% conversion. Therefore, the reaction temperature was lowered to 330 ~ and all experiments were rerun with the Pt-loaded Ce/Al-pillared clay samples EBPB5, -11 and -13 (Table 4) .
Pyridine adsorption on EBPB5 showed that a linear relationship exists between the number of Bri3nsted acid sites, as shown by the intensity of the IR absorption band at 1545 cm -1, and the conversion. The Br6nsted acidity is much higher than in the amorphous silica/alumina ASA commercial catalyst.
The industrial hydrocracking test, using a Ni/Wloaded catalyst based on the pillared clay EBPB13, shows that the initial activity of the Ce/Al-pillared clay catalyst is slightly better than other catalysts like Ni/W-loaded amorphous silica/alumina ASA. The pillared clay catalyst deactivated very rapidly, whereas the ASA based catalyst showed practically no deactivation. The selectivity for the middle-distillates for the pillared clay catalysts is slightly lower than for the ASA catalyst, being 71 and 74 wt%, respectively, at 40% conversion. Investigation of the pillared clay catalysts after the hydrocracking test showed that the hydrogenation function of the catalyst was still intact, but that the surface area and pore volume were significantly reduced due to coke formation, making the active site inaccessible for the feedstock hydrocarbons. The formation conditions of the Ce/A1 polyoxocation responsible for the formation of pillared clays with basal spacings larger than 24.8 A seem to be mainly determined by the AI(III) concentration and the OH/A1 molar ratio in the pillaring solutions. Concentrations that are too low and/or OH/AI molar ratios result in the formation of fibrous boehmite. The results presented in Table 1 indicate that the time and temperature at which the solutions are hydrothermally treated are not very critical, because pillared clays could be prepared from solutions treated at conditions ranging from 16 h at 160 ~ to 136 h at 130 ~ A few years ago, Fu et al. (1991) investigated the aging processes in alumina sol-gets. The 27A1 NMR observations after prolonged aging showed, in addition to the well-known tetrahedral signal at 63 ppm of the All3, 2 other tetrahedral resonances at 70.2 and 75.6 ppm. The 75.6-ppm resonance became dominant with increasing aging time. These 2 additional resonances were attributed to polymeric species formed upon prolonged aging at elevated temperatures. They proposed a model in which the signal at 70.2 ppm is assigned to a species A124072 formed by the loss of one octahedron per Al13 unit, and the linkage of 2 of these reduced A113 species. The 75.6-ppm signal was, along the same line of reasoning, attributed to an even larger species formed by the linkage of the A124072 species. These large A1 species were more thermally stable than the All3 polyoxocation, which was thought to be due to the higher AllY/A1 vl ratio. Turner (1976) and Tsai and Hsu (1985) found that these larger AI species were much more resistant to attack by acid or ferron than the All3 species. The observed tetrahedral A1 signal at 75 ppm and the octahedral signal at 5 ppm observed in this paper are tentatively assigned to a species present after hydrothermal treatment of REE containing ACH solutions with a structure comparable to that described by Fu et al. (1991) . They observed an AlVl/Al TM ratio of approximately 8.4, which is somewhat higher than the value of approximately 5.8 observed in this paper based on surface integrals of the 2 signals, but also significantly lower than the theoretical value of 11 based on their model. The interpretation of the ratio in this paper is open for discussion, because no information on NMR-invisible AI is available: it can be significantly higher or lower (Kloprogge 1992) .
Chemical analyses of the pillared clay revealed that the pillars contain approximately 1 Ce atom per 58 to 62 A1 atoms, which is less than in the initial pillaring solution. McCauley (1988) reported that at least 1 Ce atom has to be present per 52 A1 atoms to obtain pillared clay structures with large pores. On the basis of this observation in combination with the fact that the observed interlayer spacing of approximately 15 to 16 /k is equivalent to about 10 superimposed oxygen layers, he proposed a structure in which 1 Ce atom in tetrahedral coordination is surrounded by 4 All3 units more or less comparable to the model of Fu et al. (1991) . Sterte (1991a Sterte ( , 1991b calculated from his chemical analyses of La/Al-pillared clays that approximately 1 La atom was present per 14 to 17 A1 atoms, which is much higher than that observed by McCauley (1988) and in this paper. This may be explained by the presence of free La 3+ in the interlayer due to the excess La present in the solution with an AI/La molar ratio of 5. The large differences in the A1/RE molar ratios observed in large-pore pillared clays by various authors and the fact that several scientists (Mendioroz et al. 1993; Trillo et al. 1993; Gonz~ilez et al. 1992) did not succeed in the formation of large-pore pillared clays in the presence of Ce and La, but only in Al-pillared clays, indicate that there is little consistency about the formation and structure of RE/AI pillars. The A1/Ce ratio and the 27A1 NMR chemical shifts observed in this paper do not rule out the structure proposed by McCauley (1988) or Fu et al. (1991) . However, the AlW/Ap v ratio of 5.8 seems to be too low compared to the expected value of 12, based on McCauley's model, and is closer to the value of 8.4 reported by Fu et al. (1991) . If the value near 5.8 is significant, it can be suggested that, upon refluxing or hydrothermal treatment of RE containing AL pillaring solutions, polymerization consuming 4 A113 units takes place around 1 RE atom. This occurs with a change of 1 Al-octahedron in each of the 4 All3 units to a tetrahedral configuration, to obtain a better fit of the All3 units in the new structure. This would result in an Al~ tetrahedral ratio of 5.5.
Pillaring bentonites with RE/A1 polyoxocations yielded pillared products with basal spacings in a relatively narrow range between 24.8 and 25.7 ,~. Increasing the meq A1/g clay to values above 15 does not significantly change the basal spacing nor the regularity of the pillar distribution. Pillaring results in a strong increase in BET surface area from 54 m 2 g ~ to values of approximately 430 m 2 g 1, together with a doubling of the pore volume due to the formation of macropores. These macropores are at least partly due to the formation of the so-called "house-of-cardsstructure" of the aggregates. Steaming at 500 ~ resuited in increased crystallinity, which is in contrast to observations on Al-pillared clays. Vaughan (1988) , for example, found that even under mild hydrothermal conditions (at 600 ~ the pore structure of the A1-pillared clay completely collapsed. On the other hand, McCauley (1988) observed that under much more severe steaming conditions (100% steam at 815 ~ for 5 tl) the surface areas of some Ce/Al-pillared clays were still as high as 280 m 2 g-i.
In contrast to the RE/Al-pillared bentonites, the XRD patterns of the RE/Al-pillared saponites and laponite showed that these clays exhibited a delaminated structure without long-range layer stacking as indicated by the absence of basal reflections. However, shortrange stacking of a few clay sheets cannot be ruled out. The results of Occelli et al. (1984 Occelli et al. ( , 1987 for AIpillared laponite suggest that some short-range layer stacking occurs.
Catalytic Properties of the RE/A1-Pillared Smectites
The results of the n-heptane hydroconversion experiments show that the activity of the Ce/Al-pillared clay catalyst is higher than that of the amorphous silica/alumina ASA. These results are in agreement with the data obtained from the IR spectra of the catalysts with chemisorbed pyridine, showing that the Br6nsted acidity of the pillared clay is much higher. The conversion at 330 ~ is more or less comparable for all Ce/Al-pillared bentonite catalysts, but the selectivity for i-C 7 does show large differences. The BDH-bentonite-based catalysts show a much lower selectivity of approximately 50%, whereas the ASB350s-bentonite-based catalysts have a selectivity of about 84%. Furthermore, The ASB350s-based catalysts show a favorably lower CI-C4 conversion of approximately 13 wt% in contrast to the 29 wt% for the BDH-based catalysts. This lower light gas production is probably related to the lower iron content in the ASB350s-bentonite. According to Occelli (1986) , iron can facilitate secondary cracking of heavier hydrocarbons to light gases (and may also promote some coke formation) at the expense of the gasoline formation.
The initial activity of the RE/Al-pillared clay catalysts in the industrial cracking test was slightly higher than the amorphous silica/alumina ASA. However, the rapid coke formation caused very rapid deactivation and the activity soon dropped below the level of the ASA catalyst (but the hydrogenation component remained intact). Occelli and Lester (1985) investigated the coke forming reactions in Al-pillared bentonite catalysts. They found that the combination of the pores formed upon pillaring and the Lewis acidity facilitates coke formation due to the sorption of aromatics and condensation. The still larger pores in the RE/AI-pillared clays also facilitate the diffusion of high molecular weight hydrocarbons into the interlayer: therefore, a similar coke forming process is assumed to be responsible for the deactivation. Additionally, at the temperatures used during hydrocracking, Fe present in the clay structure can be active in dehydrocyclization and cracking reactions, resulting in the formation of coke. Lussier et al. (1980) showed that reduction of the Fe content in pillared clays resulted in reduced coke levels. The relatively high Fe content of the Ce/Al-pillared BDH-bentonite may therefore be responsible for some additional coke formation.
CONCLUSIONS
Pillaring of bentonites with hydrothermally treated or refluxed and partly hydrolyzed AI(III) solutions containing RE elements such as Ce or La results in the formation of hydrothermally stable pillared clays with basal spacings of approximately 25 A and high surface areas. These materials show conversion levels around 85% in the hydroconversion of n-heptane. The selectivity is strongly influenced by the iron content of the starting bentonite. The best selectivity and lowest light gas productions are found when the clay has a low Fe content. In hydrocracking reactions, rapid deactivation due mainly to strong coke formation is observed. Pillaring saponite or laponite results in a delamination of the clay structure.
